Thermodynamic studies on oxygen binding by human red blood cells.
Oxygen equilibrium curves have been measured on human normal red blood cells, at the temperatures of 20, 25, 30, 37 and 41 degrees C, and at pHs ranging from 6.8 to 8.2. The thermodynamical parameters have been determined for the four successive steps of oxygenation and for overall oxygenation, according to the Adair and MWC models [Monod J, Wyman J, Changeux JP. On the nature of allosteric transitions: a plausible model. J Mol Biol 1965;12:88-118]. The heat release appears to be nearly equal for the four steps. At the first three steps, the delta H change is counterbalanced by a nearly equivalent change of delta S, resulting in a rather small delta G value. delta G is greater at the fourth step, because of diminution of this enthalpy-entropy compensation phenomenon. The four steps are both enthalpy and entropy driven. According to the MWC model, the T to R transition is endothermic, and allosteric quaternary transition occurs at binding of the third oxygen. The average heat release increases by 2.8 kcal/mol when pH raises from 7.4 to 8.2, but flattens below pH 7.4. After correction for the heat of solution of oxygen and for the heat of proton release (referred to intracellular pH), an intrinsic heat for oxygenation of the heme of approximately--13 kcal/mol is obtained for the successive steps of oxygenation (at pH 7.4, 37 degrees C). These results are compared with those previously obtained for pigeon and trout red blood cells.